Abstract: The crusta! structure of the Mesozoic deep Galicia margin and adjacent ocean continent boundary (OCB) was investigated by seismic reflection (includmg pre-stack depth migration and attenuation of seismic waves with time). The seismic data were calibrated using numerous geological samples recovered by drilling and/or by divmg with submersible.
Passtve continental margins are the scars of the break-up of continents. Their basement underwent stretching before seaftoor s preading started, and contains crucial information about timing and pressure-temperature conditions of hthospheric deformation due to extensional tectonics. Unfortunately, as passive margins are also places where subsidence was important and rapid, in general the crust is covered by a thick sedimentary layer which prevents observation and sampli ng of the basement.
The We t Galicia margin (Fig. I ) is exceptional in that it is a starved margin, covered only by a thin and discontinuous sedimentary layer. These conditions are favourable for imaging by seismic reflection the thinned continental crust and the crusta! ocean-continent boundary (OCB), and also to sample the basement by Snvastava et al. (1990) . PB, Palaeocene plate boundary after Grimaud et al. (1982) . G , Galicm margin; lAP, Iberia Abyssal Plain. drilling or even by diving with the French submersible 'Nautile'. For that reason, the Galicia margin has been intensively studied for 20 years (see recent synthesis in MaufTret & Montadert 1987; Sibuet et al. 1987; Boillot et al. 1988b Boillot et al. , 1989a .
However, as the OCB and the main extensive structures of the margin are trending N S, the seism1c data were generally recovered along E-W lines. For that reason, transverse structures were poorly imaged, although recognized in some places {Thommeret et al. 1988) . To fill this gap, in 1990 we recorded (Lusigal cruise) several N-S seismic lines on the eastern, continental side of the OCB (Fig. 2, inset) , so discovering that the West Galicia margin is actually made of two distinct segments separated by a major transverse structure. Moreover, a recent study of the Iberia Abyssal Plain (Beslier et al. 1993 ) revealed a segmented structure for the deep margin and OCB in the area located to the south of the Galicia margin (Fig. 2) . In this paper we focus on the segmentation and the crustal structure of the deep Galicia margin and adjacent OCB.
Segmentation of the ocean-continent boundary (OCB) offshore Galicia
The West Gahc1a margin results from lithosphere stretching and nfting during lower Cretaceous t1mes, lasting from 140 to 114 M a (Boillot et al. 1981b (Boillot et al. , 1988c ; time scale after Kent & Gradstein 1986) . Accordingly, the MO ( 118 M a) magnetic anomaly is recogmzed offshore Portugal, while 1t IS m1ssmg offshore Galicia (Fig. I) where the margin is bounded by the Cretaceous quiet magnetic zone (Snvasta va et al. 1990 ).
The segmented ocean continent boundary
The OCB to the west of Galicia is marked by a basement ndge made of serpentimzed peridotite. The ultramafic basement was sampled in several locations by dredging (Boillot et al. 1980; Sibuet et al. 1987) , by dnlling (leg ODP I 03, drill Site 637; Boillot et al. 1981b, 1988c) or by diving wtth the Nautile (801llot et al. 1988a) . It separates two areas w1th d1fferent se1smic and structural Beslier et al. (1993) (location on Fig.  1 ). J anomaly from Whitmarsh et al. (1990) . Structural map of the Galicia margin after Tbommeret et al. (1988) and Murillas et al. (1990) . RI-R4, segments of the ridge bounding the oceanic and continental domains. Balhymetry after Lallemand et al. (1985) . V, Vigo seamounts. DSDP Leg 47b and ODP Leg 103 sites, and dive sites (circled numbers) where peridotite was sampled are indicated. Inset: track map ofmultichannel seismic lines used in the study of the deep Galicia margin. characters. On the oceanic side, to the west, the relatively thin sedimentary layer is related to post-rift sediments of the margin (114 M a to Present). It overlies a diffractive basement interpreted as oceanic crust of the Cretaceous quiet magnetic zone. In fact, Albian oceanic basalt was observed and sampled on the northwestern slope of the peridotite ridge (PR) (Malod et al. 1993) , and infered from refraction data to the west of the Galicia margin PR (Whitmarsh et al. 1993) . On the eastern continental side the PR is bounded by a sedimentary basin, I 0-20 km wide, in filled by syn-and postrift sediments (Mauffret & Montadert 1987) . Hereabouts, syn-rift sediments overlap the flank of the PR, indicating that this part of the ridge is a syn-rift feature. Figure 3 shows the present morphology of the OCB at the bottom of post-rift sediments. The PR is divided into two segments, Rl and R2, by the transverse faults F and TF, both imaged on Fig. 4 . Clearly, TF disturbs the lower part of the post-rift sequence, while it is sealed by the upper part. The oldest deformed sediments can be correlated with Paleogene strata, according to regional seismic stratigraphy calibrated by drilling (Mauffret & Montadert 1987) . Thus, TF is a Cenozoic structure, related to Pyrenean tectonics, as are many other faults in that part of the Galicia margin (Boillot et al. 1979; Mougenot et al. 1984; Malod et al. 1993) . Its seismic image is confused on Fig. 4 owing to a lot of diffraction events. It is clearer on the record of residual attenuation of seismic waves (Fig. SA) , suggesting a transpressional strike-slip fault or a reverse fault, as expected for structures related to Cenozoic plate convergence. On the contrary, F is sealed by the break-up unconformity. It is clearly a syn-rift normal fault which bounds the northern segment RI of the peridotite ridge (Fig.  4) . However, its setting parallel to TF suggests that both faults are Mesozoic structures, one of them (TF) having been reactivated and inverted by Cenozoic tectonics.
The thinned continental crust of the margin
Further east, the upper crust of the Galicia margin consists of tilted blocks, 16 km across on average and bounded westward by N-s normal faults or sets of normal faults (Montadert et al. 1979; Mauffret & Montadert, 1987; Sibuet et al. 1987; Thommeret et al. 1988) . The eastward block tilting involved the formation of halfgrabens infilled by syn-and post-rift sediments. The N-s extensional structures are cut and locally shifted by NE-SW transverse faults (Fig. 2; Thomrneret et al. 1988) , which a re possibly transfer faults related to the margin segmentation.
Crusta] structure: data and methods Our interpretation of the crusta! structure of the segmented margin is based on the following analyses.
Seismic velocities from reflection data
First we derived interval velocities from normal moveout velocities, using the Dix equation (Dix 19S5) . Because of its limitations this method was applied only to the portions of the seismic lines where the seafloor and the underlying layers are close to horizontal. The second, and more timeconsuming, approach adopted was the use of iterative pre-stack depth migration. This has, to date, been applied to two E-W profiles: GPI02 and GP03, one from the southern region and one from the northern (Fig. 2, inset) . The method is based on depth-focusing analysis (see Reston et al. this volume) , and provides more meaningful estimates of velocity in the structures.
Seismic refraction
The data recently published by Whitmarsh et al. (in press ), related to two seismic refraction profiles fired across the OCB of Galicia along 42°IO'N, was used.
Amplitude attenuation of recorded waves
Thi s method consists of measuring the amplitude variations of seismic signals with time (see details in Rappin et al. in press) . The results of a simple modelling of attenuation can be represented in two different images: (I) the distribution of the quality factor Q with time and shot location (Fig. SA) . The Q factor is one of the parameters used to perform the modelling of attenuation v. time. It is related to both absorption and scattering by interfaces and terrane heterogeneities. Its value decreases in particular where heterogeneities have a size close to the wavelength (c. lOOm), for example in deformed zones; (2) the residual attenuation of seismic waves with time and shot location (Fig.  SB) . This is the difference between the calculated and the measured curves of seismic waves attenuation. As it estimates the most coherent amplitude of the seismic wave it does not depend upon velocity estimation nor upon correlation of signal phases. This method provides an apparent reflectivity of terranes, and gives a more The main result of the combination of these different methods was to show that the crustal structure is identical in the southern a nd northem segments of the Galicia margin, on each side of the Cenozoic tra nsverse fault TF and associated deformed zone. In both cases the crust consists of four layers, characterized by seismic velocities and Q factors {Table 1).
Between these layers are surfaces of large residual attenuation (reflectors), also similar to the north and to the south of TF (Figs 6 & 7) .
Upper layers of the continental crust
In this section crusta! layers 1-3 a re described and their probable geological nature from top to bottom considered.
Layer 1: the post-rift sedimentary sequence.
The high absorption of energy (Q < I 00) and the low seismic velocities {1.9-2.6 km s-t) measured within layer I are in good agreement with the physical properties of non-or poorlyconsolidated sediments. Layer I was drilled in several places during DSDP Leg 47b (Sibuet et al. 1979) and ODP Leg 103 (Boillot et al. l987b, 1988c) . It is made of distal turbidites and pelagic sediments, deposited from 114 M a to Present, a nd imaged by reflectors of good continuity but variable amplitude (Mauffret & Montadert, 1988) .
Layer 2: the syn-rift sedimentary sequence
The physical properties of the layer 2 (Q = 100 ; seismic velocities ranging from 2.9-3.5 km s- 1 ) are those expected in buried, compacted and progressively lithified sedimen ts. At the drill Site 639 (Leg ODP 103), layer 2 is made of coarse, siliciclastic turbidite a nd sa ndstone and by alternating clay and marl, lower Cretaceous in age (135-114 Ma). The seismic facies of layer 2 ranges from chaotic to well layered, with a divergent, fan-like configuration related to the syn-rifi tilting of underlying crusta! blocks. The divergent structure, however, is poorly or not imaged on NS seismic lines (Figs 4 & 6) .
The post-rift or break-up ( B U) unconformity
This is marked by a strong reflector and a high positive residual attenuation level located between layers I and 2. At drill Site 641 (Leg ODP Fig. 7 . Attenuation curves of seismic waves through the southern (A) and northern (B) segments of the Gahcia margin. Attenuation rates and reflection patterns are identical on the two curves. SF, seafloor; BU, break-up unconformity; S--S', S and S' seismic reflectors; SRM, scallering reflective Moho; vertical sca le, attenuation in decibels.
103) it corresponds with a level of coarse, calcareous turbidite deposited at the top of the syn-rift sequence. In many places the BU is also an erosional or non-depositional surface (Ma uffret & Montadert 1987).
Layer 3: faulted terrane or enigmatic terrane ( ET)
Within layer 3 Q ranges from 600 to 675, and the seismic velocity from 4.0 to 5. 7 km s-1
• The seismic image of ET shows diffractive acoustic basement locally covered by horizontal to gently dipping weak reflectors. Apparent dips in fault blocks range from 40° to few degrees (Hoffmann & Reston 1992) . On the N-S seismic line LG 03 (Fig. 4) dipping reflections in layer 3 are also a pparent just to the south of TF, and may represent pre-rift sediments tilted by movement alo ng TF.
Layer 3 was sampled in the southern part of the margin, at dive Site 11 (Fig. 8) . Here, the westernmost, deepest tilted crusta) block is cropping out on the seafloor, allowing the Nautile to recover on a normal fault scarp several samples of granodiorite from the Hercynian upper crust. The continental basement is covered by Mesozoic pre-rift limestones and sandstones (Boillot et al. 1988a ). However, ET may also include other terranes with similar physical properties, for example volcanic rocks, although the margin is devoid of significant magnetic anomaly, or Palaeozoic, poorly metamorphozed sediments as those recovered at another site on the margin by Mamet et al. (1991) . In our opinion, a correct characterization of the enigmatic terrane remains an important target. It is crucial to verify its geological nature to constrain the interpretation of the underlying S reflector (see the next section).
Enigmatic terranes are thickened within a synrift graben bounded by F to the north and TF to the south (Fig. 9) . Here, layer 3 was preserved from erosion, or accumulated before the end of the rifling, confirming that TF was a syn-rift structure before its Cenozoic reactivation.
S-S' seismic reflector, lower seismic crust and reflective Mobo

S-S seismic reflectors
Crustallayer 3 rests on a strong seismic reflector, S {de Charpal et al. 1978; Montadert et al. 1979 ).
S was recognized at first in the southern segment of the margin. Here it is either a single, strong reflector, or a sequence of elementary reflectors, horizontal to gently dipping (Hoffmann & Reston 1992) . In general, S is located at depths ranging from 0.6 to 1.5 s two-way time (twt) from the top of layer 3 (Mauffret & Montadert 1987 ). S' is a similar reflector recently recognized in the northern segment of the margin (Boillot et al. 1992) . lt is characterized by the same seismic signature as S (Fig. 7) , and occurs at the same structural level (Fig. 6 ). More precisely, amplitude analyses show that S and S' have the same signature in the attenuation curves, i.e. a sharp and significantly high amplitude peak. These observations are in good agreement with the occurrence at depth of an abrupt geological interface between terranes very different in nature, rather than with a progressive geological transition, the expected signature of which being a reflection zone (and not a strong reflector), and a wide (and not a sharp) peak of smaU amplitude ( Fig. 2) , is clearly connected with the S' reflector w 0.
on seismic line GP 03 (Fig. 12) .
The lower seismic crust
Beneath S and S', layer 4 appears to have uniform physical properties. The seismic facies is layered, due to discontinuous horizontal or gently dipping reflectors. The Q factor IS very high ( > 800). In the core of the PR2, the se1smic velocity is 7.2 km s 1 (Sibuet, 1992) , wh1le it 0 ranges from 7.3 to 7.8 km s 1 in the terrano underlying S to the east of PR2 (Horsfield 1992, Whitmarsh et al. I 993) , suggesting these terra no to be directly connected at depth with the OCB ridge. These data are consistent with a serpenll- between mantle and crust derived terranes).
..J
The seismic Moho
This is necessarily deeper within the litho phere. In fact, layer 4 is underlain by a th1n zone (0.2 0.8 s twt), in which a relatively high attenuauon of seismic waves was measured (Q < 100), with systematic, scattered reflectivity. From the north (RI segment of the margin) to the south (R2), the signature of this zone is constant and typ1cal on amplitude attenuation curves obtained from seismic signal records (Figs 5B & 7) .
The weakness and the scattering character of the reflectivity at the bottom of layer 4 IS different from other overlying seism1c reflectors The strong attenuation implies the presence of heterogeneities whose size is close to the wavelength of the signal (I 00-200 m), wh1ch induces a maximum of scattering (Herraiz & 
...;
.....
~ w 0 Skm
GP 03
LG 06
LG 07
LG 03
I s twt
Fie. 12. Se<:llon of the GP03 MCS mograted hne, from the l nsutut Fran~os du Phrole The S' seosmoc reflector is connected with the top of the serpentinite body sampled at dove sote 06. BU, break-up unconformny; ET, enigmallc terranes (layer 3); R , syn-nfl sedoments. See Figs 3 and 9 for location.
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Espinosa, 1986). The thickness of the reflective horizon increases considerably beneath the PR, where serpentinized peridotite was unroofed and is now free of crusta I cover. To the south of the margin it is located at the level where Recq et al. (1991) placed the seismic Moho from their refraction study. All these data are consistent with the idea that the scattering zone of reflectivity is actually the reflective Moho, located at the fresh-serpentinized peridotite boundary.
Discussion
The scattering reflective Moho (SRM)
The fresh serpentinized peridotite boundary is also the palaeohydrothermal front, i.e. the surface where syn-rift hydrothermal serpentinization of mantle rocks stopped after seafloor spreading started and margin lithosphere cooled. The depth of the reflective Moho (7-8 km beneath the seafloor) is a clue for estimating the maximum depth of hydrothermal circuJation during rifling within upper, brittle lithosphere covered by sea water. In areas where the continental crust thinned down to 7-8 km the syn-rift hydrothermal circulation probably reached the petrologicaJ Moho and the uppermost part of the mantle through the faulted and stretched basement of the margin. Boillot et al. (1989b) proposed naming this process 'undercrusting': it involves accretion, at the base of highly stretched continental crust, of a layer of serpentinite which belongs to the lower seismic crust by its physicaJ properties, although made of mantle-derived rocks. In the case of the Galicia margin the hypothesis is supported by the occurence of layer 4 along the entire margin with the same physical properties, and its connection with the OCB ridge where serpentinized peridotite was sampled in several places. It is con finned by the continuity of the SRM which underlies layer 4 in the deep margin and the PR as well. Note that beneath thick continental crust the Moho has a very different signature; around France for example, it is marked by a strong, continuous reflection at the bottom of scattering lower crust (Rappin 1992) . In that case, it probably bounds terranes very different in nature, while the high attenuation and scattering reflectivity at the base of the layer 4 of the Galicia margin is in agreement with a transition zone containing both serpentinized and fresh peridotite. The SRM seems to be not or poorly affected by Cenozoic deformation beneath TF (Fig. 5) . However, it shallows regularly northward as does the seafloor. From regional geological studies it is known that the uplift of the northern part of the margin, including GaJicia Bank, resulted from Cenozoic tectonics (Boillot et al. 1979; Mougenot et al. 1984) . Accordingly, the reflective Moho is regionaJiy uplifted with the margin, thus accounting for the strong positive gravimetric anomaly located at the northwestern edge of the margin (La la ut et al. 1981 ) .
The S seismic reflector
Since it was discovered beneath the Arrnorican and Galica margins, S has been considered as a major featu re of these passive margins, probably a key for understanding the rifting processes. It was tentatively interpreted as the brittle-ductile transition within the thinned continenta l crust (de Charpal et al. 1978; Montadert et al. 1979) or as a major syn-rift detachment fault rooted in the lower ductile crust or in the mantle (Wemicke & Burchfield 1982; Boillot et al. 1987 , who relate S to the development of two conjugate shear zones, located in the ductile crust and in the deeper ductile lithospheric mantle respectively. It is clear that a good understanding of the nature of S wouJd improve our understanding of the processes of crusta! extension leading to the creation of the margin.
Sampling the rocks located at the level of, upon and under S is the most efficient way to progress in this discussion. Jt is of most interest to verify that at first the reflector corresponds to the boundary between crusta! and mantle terranes, as proposed in this paper, and to further specify the kinematics of the deformation at the base of the crust and at the top of the mantle. Unfortunately, until now, available petro-structural data come only from mantJe rocks recovered in the area where they were unroofed by syn-rift tectonics. In that area both crusta! terranes and their contact with mantle material are missing. However, the petrology and fabric of the exposed rocks provide information on the deformation they underwent in the vicinity of the crust-mantle boundary before they were unroofed, at least if they were preserved from superficial erosion since they were exposed on the seafloor. By chance it seems that this was the case at drill Site 637 (Leg ODP 103). Petro-structural studies of cored samples constrained the timing and evolution of the peridotite up to its serpentinization, particuJarly the pressure-temperature conditions and the kinematics of the ductile deformation (Agrinier et al. 1988; Feraud et al. 1988; Girardeau et al. 1988; Beslier et al. 1990 ). The results show that the evolution of the rocks is compatible with a progressive uplift beneath a continental rift, and moreover that ductile simple shear played a major part in the stretching of the lithosph~re before it broke up at 114 Ma. After parttal melting under asthenospheric conditions the plagioclase-bearing peridotites experienced intense ductile deformation under lithospheric conditions within a normal shear zone gently dipping toward the continent. From these data it is concluded that a shear zone was actually drilled at ODP Site 637. The kinematics and timing of the deformation are compatible with models of passive margin formation involving simple shear, either along a single normal synrift detachment fault rooted in the mantle (Boillot et al. 1987a) , or in a ductile shear zone within the mantle (Beslier & Brun, 1991 ; Brun & Beslier in press) .
The Galicia margin therefore provides a unique opportunity to study, in situ, the shearing of the upper mantle beneath a continental rift. However, the relationship between the drilled shear zone and the S reflector remains questionable (see the next section).
In the previous section, it was stressed that the S' reflector and the surrounding terranes forming the northern segment of the Galicia margin have the same physical properties as Sand layers 1-4 in the southern segment. In both cases, layer 4, roofed by s-s•, is probably made, at least partly, of serpentinized peridotite sampled by drilling and by diving. Moreover, the crusta! structure of the OCB and adjacent margin seems to be similar in the Iberia Abyssal Plain (lAP) further south. Here, the OCB is marked by a basement ridge (Fig. 2) with seismic characteristics and tectonic setting comparable to those of the Galicia margin PR. The deepest tilted block of the lAP margin is underlai n by a strong seismic reflector S" similar to S and S' (Beslier et al. 1993) , and S" is located at the level where Whitmarsh et al. {1990) placed the boundary between upper and lower seismic crust, with respective seismic velocities of 6.2 and 7 km s-• or more. Such a similarity of the seismic images and seismic velocities with those recorded and measured on the Galicia margin strongly suggests that the terranes resting at the base of the lAP thinned continental crust are also made of serpentinized peridotite (Beslier et al. 1993; Whitmarsh et al. 1993 ). of a strong reflector (S, S' or S") at the same structural level reinforces the interest to investigate it and surrounding terranes. 
Conceptual model for the formation of the Galicia passive margin
To build up this conceptual model, we started from two different sets of data.
Firstly, analogue modelling of the lithosphere stretching was u~ed (description of models and their inferences for passive margins formation, including GaJicia margin, are detailed in Beslier 1991 ; Beslier Brun & Beslier in press ). This takes into account the differential mechanical behaviour of the main Lithospheric rheological layers, and allows the study of the stretching mechanisms of the Iithosphere and the related crusta! thinning processes during a rifting episode (Faugere & Brun, 1984; Vendeville et al. 1987; Allemand et al. 1989; Allemand & Brun 1991 ; Beslier & Brun 1991; Beslier in press). The rheological structure of the FORMATION OF PASSIVE MARGINS 87 lithosphere is simplified in the experiments by a brittle-ductile layered model, which is a good approximation of the structure of a stable continental lithosphere with a normal geothermal gradient (e.g. Ranalli & Murphy 1987; Davy & Cobbold 1991) . The experimental analogue materials are dry sand for brittle behaviour and silicone putties for ductile behaviour. The four layers represent the upper brittle crust (sand), the lower ductile crust (silicone putty), the uppermost brittle mantle and the upper lithospheric ductile mantle. This lithospheric structure lays upon golden syrup which simulates the asthenospheric behaviour. The model is submitted to localized horizontal extension (see Beslier 1991 ; Davy & Cobbold 1991 for details on the method). Figure 13A shows a crosssection of a model at the end of the experiment. Brittle layers (upper crust and uppermost mantle) underwent boudinage, while ductile layers accommodated the boudinage by simple shear along conjugate normal shear zones. With progressive extension, the rupture of the brittle mantle is achieved in one of the necked zones, where the deformation is localized at depth. In the last stage of the rifting two main shear zones accommodate the stretching beneath the rift, the right part of which accounts for the west Galicia margin structure (Fig. 13A) : one (SZI), located in the lower ductile crust, acts with a top-tothe-west sense of shear, and accounts for the continentalward sense of blocks tilting sense in the upper brittle crust; the other one (SZ2), connecting the ductile crust and the ductile mantle in the ruptured zone of the brittle mantle, acts with an opposite sense, i.e. top-to-the-east. Another model (Fig. 138) , identical though extremely thinned, shows that the lower ductile crust can disappear at the rift axis, bringing the mantle directly in contact with the upper crustal blocks, or even with the syn-rift sediments as observed on the Galicia margin.
Secondly, structural data from the Galicia margin have been used. We have already discussed the kinematics of the peridotite ductile deformation established from petro-structural studies of samples recovered on the PR: the mantle rocks have been deformed in a normal ductile shear zone dipping northeast, with a topto-the-east shear sense. Thus, the results of the analogue models are in good agreement with the available structural data from the margin. Two major shear zones are postulated, SZl in the ductile crust, and SZ2 rooted in the ductile lithospheric mantle (Figs 13A & 14A) . Currently, only SZ2 has been sampled by drilling and diving on the peridotite ridge, and 8oillot et al. (l987a, b, l988b, 1989b) , developing the initial model of Wemicke (1985) , considered it as part of a detachment fault rooted in the ma ntle. However, the sense of blocks tilting on the margin also implies the existence of SZI (Faugere & Brun 1984; Brun & Beslier in press) . From this point in the discussion two interpretations are possible, although closely rela ted. Reston et al. (this volume) propose S to be related to SZ I, and the tectonic unroofing of PR to SZ2. Some of the current authors (G.B., M.0 .8 ., D .R.) rather believe that the tectonic contact between upper crust material (the tilted blocks of the margin) and mantle material (the serpentinized peridotite) relates to both shear zones (Beslier & 8run 1991 ) . This interpretation is supported by the highly stretched experimental model (Fig. 138 ) , which accounts for the contact between upper crust and upper mantle terrane. In that case, which corresponds to the fina l stage of the rifting, the lower crust is extremely thinned and even lost in the vicinity of the rift axis, at the places where the upper brittle mantle is broken (Fig. 138) . As a result, the upper, brittle crust lies either directly over mantle terranes deformed in SZ2 or on interbedded lenses of sheared lower crust initially belonging to SZ I. Therefore, we suspect tectonic melange of various thickness and including sheets of lower crust to be related to the S reflector beneath the deeper crustal tilted blocks (Fig. 148) . Moreover, the serpentinization of mantle rocks beneath the very stretched crust at the rift axis does change the rheological behaviour of mantle terranes. It is thus possible that decollement of tilted blocks occurs at the top of the upper mantle in the final stage of the rifting (Beslier & 8run 1991 ) . Figure 14C summarizes the crusta! structure of the deep Galicia margin from this study. In the deepest part of the margin, thin blocks of upper continental crust are scattered on ' undercrusted' serpentinite, S being the tectonic contact between the blocks and the serpentinized uppermost mantle. However, intercalation between these terranes of sheared lower continental crust is possible locally. Deeper is the fresh-serpentinized peridotite boundary, i.e. the actual seismic Moho. To the east, where the continental crust thickens, ' true' lower continental crust is expected in place of the serpentinite layer. The nature of the lateral transition between the two kinds of lower seismic crust (serpentinized peridotite in the most stretched area; lower continental crust elsewhere) remains a target for further clarification and discussion. Nevertheless, the disappearance of S beneath the tilted blocks of the eastern, upper part of the margin may be a consequence of the transition.
Eigentum der
Bibliothek GEOMAR Beslier et al. (1993) suggested that the segmentation of the ridge marking the OCB results from discontinuous, northward propagation of continental break-up and opening of the North Atlantic in early Cretaceous time. M oreover, the SW-NE transverse fault offsetting RI and R2 (Fig. 3 ) and R3-R4 (Fig. 2) segments can be interpreted as transfer faults indicating the direction of lithosphere stretching during rifting. In the southern segment of the Galicia margin, SW-NE is also the direction of shearing in mantle rocks recovered on the PR (Girardeau et al. 1988; Beslier et al. 1990 ) and the main direction of transverse faults (Thommeret et al. 1988 ). Thus, we suspect that the lithosphere underwent stretching along the present SW-NE direction during rifting, with consequences for the correct location and identification of the conjugate margin in the Newfoundland Basin.
Plate kinematic implications of margin segmentation
Summary and conclusions
(1) The seismic crust of the deep Galicia Margin is made of four main layers characterized by their seismic facies, seismic velocities, and attenuation of reflected P waves and related reflectivity. Sediments (layers I and 2) are classically divided into syn-and post-rift sequences, separated by the post-rift or break-up (BU) unconformity. A reflector of high reflectivity emphasizes the BU. Within the sediments, the attenuation of seismic waves is high, the seismic image is layered, and the velocity ranges from 2.2 to 3.5 km s-1 • Faulted layer 3 (enigmatic terrane) rests on the reflector S-S', another level of high reflectivity. Within ET the velocity ranges from 4 to 5. 7 km s-•, and the attenuation of seismic waves is moderate and constant at places where no Cenozoic tectonics occurred. the ductile mantle, a part of which is now exposed beneath sediments at the OCB (PR). (3) The OCB and adjacent margin a re divided into two segments by a transverse M esozoic structure that was partly reactivated a nd inverted in Ceno1oic times. The NE-SW orientation of this tra nsverse structure suggests t ha t the stretching of the lithosphere occurred in early Cretaceous time a lo ng the NE SW direct ion. (4) T he s-s· reflector is considered to be the seismic signature of the contact beween crusta! material of the margin and underlying serpentinized peridotite. The actual nature of this contact constitutes an important target for further research. We pro pose that it is related to the extreme thinning of the lithos phere in the vicinity of the rift axis (now the deepest part o f the margin), a place where the extension tends to localize in the latest stage of the rifting. H ere, the top of the mantle deformed in SZ2 is put into contact either with the ducti le crust deformed in SZ I or with the base of the upper crust. Thus, we believe S-S' to be a major tectonic contact between crusta! and mantle materia l, related to both shear zones SZI and SZ2. (5) We conclude that it is of most interest to sample by drilling the terranes located above, at the level of and beneath $-S'. F rom petro-structural studies of cored samples it is expected that the timing, kinematics and temperature-pressure conditions of the deformation will be investigated; and further, to constrain better the mechanisms of lithosphere stretching and passive ma rgins formation.
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